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F 
irstly, the Letter by S Goto et al., Optoelectronics 
Technology Research Lab, Tohkodai, (Tsukuba, 
Ibaraki, 300-26, Japan) (J. Cryst. Gr. 149 (1995) 
143-146) on the growth of GaAs by MBE using 
trisdimethylaminoarsine - TDMAAs. The co-authors 
are from the Research Institute of Electrical Communica- 
tion, Tohuku University, Japan. Residual carbon is a 
problem for some growth techniques - MBE and CBE, 
for example. However, use of alternative As sources has 
shown promise and this Letter reports growth character- 
istics of a TMGa- and Ga-TDMAAs GSMBE system. 
Using a cracking cell for the TDMAAs (100%), 490°C 
substrate temperature, n-type GaAs (001) substrates, 
SIMS was used to reveal the carbon depth profile over a 
range of growth parameters ( ee Figure 2). 
The C incorporation from TMGa was reduced to (1-2) x 
1016 cm -3 under very high TDMAAs flux (6 x 10 -5 Torr) 
meanwhile growth rate in Ga-TDMAAs decreased with 
TDMAAs flux intensity. For TMGa, however, the 
reciprocal dependence applies when TMGa is used. The 
authors postulate growth mechanisms for these results: 
TDMAAs seems to hold much promise for control of 
residual carbon for present and novel devices. 
Bulk growth 
Given our recent features on the UK DTI LINK 
Antimonides Project, I was intrigued by the Letter from 
GN Kozhemyakin on the "Influence of ultrasonic 
vibrations on the growth of InSb crystals" (J. Cryst. Gr. 
149 (1995), 266-268). Semiconducting (Te-doped) < 111 > 
InSb single crystals were grown by LEC but 10 kHz u/s 
waves failed to decrease striations in contrast o their 
reduction in similar GaAs crystals and BiSb alloys. 
Ultrasonic waves over a range 0.25-10 MHz from a 
piezotransducer th ough a fused silica waveguide fused to 
the base of the silica crucible. Optical microphotos in the 
Letter reveal the growth striations parallel to the crystal- 
lization front. These were modified - their width 
decreased - but still present for crystals pulled with u/s 
waves; the vibrations appear to influence only the facet in 
the InSb crystals. The author attributes this to differences 
in Raleigh number and influence on the non-stationary 
gravitation convection for the InSb melt c.f. that for GaAs 
and BiSb. Contact: GK Kozhemyakin, Scientific Produc- 
tion Company "Loter", Subscriber Box 214, Lugansk 
348050, Ukraine. 
Before we leave the topic of bulk growth there are 
several papers worthy of your attention, for example: "The 
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Figure 1. Schematic drawing of the crystal growth arrangement with 
ampoule diameter of 40 mm. 
(After Rudolph et al., J. Cryst. Gr., 149 (1995) 201-206). 
numerical investigation on the batch characteristics of LE 
VB" by CW Lan and CC Ting of the Chemical 
Engineering Dept., National Central University, (Chun- 
li, Taiwan 32054, ROC) (149 (1995), 175-186) studies the 
unsteady features of the process mainly for GaAs but also 
4.8 cm dia. InP crystal, includes ome process parameters 
such as growth speed, ampoule design, etc. 
In the same issue, RU Barz and P Gille (196-200) of the 
Institiit fiir Kristallographie und Materialforschung, 
Humboldt-Universit/it zu Berlin, D-10115 Berlin, Ger- 
many, describe and explain the mechanism of inclusion 
(Te) formation during crystal growth by the travelling 
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heater method for Cdl.xZn×Te crystals. The next paper 
also concerns II-VIs - "Casting of undoped CdTe crystals 
with high electrical resistivity" by P Rudolph, et al. (201- 
206) in a joint paper between the Institute for Materials 
Research, Tohuku University, Nihon Kessho Kogaku Co. 
Ltd, and Furukawa Co. Ltd (Contact: P. Rudolph at the 
Institfit fiir Kristallzuchtung, Rudower Chausee 6, D- 
12489 Berlin, Germany). It reports an ingenious method of 
producing undoped SI (5.7 x 101° ohm cm) CdTe in a 
shape convenient for x-ray radiation detector production, 
see Figure 1. This is achieved without the use of a Cd 
source or inert overpressure of previous methods. Initial 
measurements show good linearity of x-ray response and 
further work is in hand to investigate micro hollows found 
in the surface of crystals grown in uncoated silica die. 
To continue our coverage of II-VIs, I draw your 
attention to a paper from NV Sochinski et al., a unique 
Italo-Russo-Spanish colla- 
boration describing a theo- 
re t i ca l  and pract i ca l  
approach to "Vapor phase 
epitaxy of Hgl_xCd~Te on 
CdTe heteroepitaxial sub- 
strates". CMT layers have 
been grown on CdTe/sap- 
phire and CdTe/MOVPE 
GaAs heteroepitaxial sub- 
strates (HS) at 530°C in 
evacuated ampoules with 
the intention to produce IR 
detector  devices. The 
authors suggest that their 
unique approach "shows a 
great potential for the VPE 
on HS technique for the 
epitaxy of IR grade" MCT. 
Contact." E Dieguez, Dept. 
de Fisica de Materiales, 
Universidad Autonoma de 
Madrid, ES-28049 Madrid 
Spain. 
1021 
be adjusted by the crucible temperature. Nitrogen doping 
was provided by 99.995% pure gas flowing through a 
controlled leak valve to maintain pressure in the chamber 
of 3 x 10 .5 -4 x 10 -4 Torr after it had been pumped own to 
better than 3 x 10 -6 Torr. Thus the nitrogen molecules are 
ionized together with vaporized ZnSe clusters and 
accelerated to the substrate (60 mA, 400 V). Characteriza- 
tion by EPA, XRD and PL, etc. seems to reveal uniform 
films which are stoichiometric and confirm the nitrogen 
doping takes place. It remains to be seen whether such a 
technique has a commercial place but it has provided a 
new benchmark in the race for effective nitrogen doping of 
ZnSe for visible emitters. 
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LPE 
Moving on to other more conventional epitaxial growth 
techniques, a collaborative 
project to produce "Extre- 
: ~ mely flat surfaces by LPE" is 
16x10"81 reported by AA Chernov 
-,- : GaAs (Inst. of Crystallography, 
: Sub. Russ ian  Academy of  
Science, Moscow, and HJ 
Scheel of Cristallogenese, 
Inst. de Micro-et-Optoelec- 
tronique EPFL, (Ch. de 
Bellerive 34, CH-1007) Lau- 
sanne, Switzerland (149 
(1995) 187-195)). For many 
reasons most devices require 
extremely flat substrate sur- 
faces but many processes 
conspire to make this diffi- 
< C cult to achieve. Despite the 
advent of newer epitaxial 
techniques and variations 
thereof, LPE has the poten- 
tial to achieve near-equili- 
brium growth and therefore 
excellent control of surface 
, , i , , , flatness. This paper is basi- 
l.0 1.5 cally an analysis of earlier 
work by Scheel to evaluate 
the kinetic coefficient for 
steps in LPE of GaAs and 
other factors including the 
experimental conditions re- 
quired for achieving large facets with minimum step 
density. Here are some of the conclusions drawn from 
this cogent analysis: "for high MP semiconductors and 
oxide compounds the most promising approach is LPE. 
The spreading of the facet is facilitated for the proper 
crystallographic orientations by the near-equilibrium 
growth conditions, and the growth rates in LPE are - 
depending on solute concentration and growth tempera- 
ture - sufficiently high, typically 50-500 A/s. In vaPour 
phase growth, crystals are normally faceted so that it can 
be assumed that the transition to faceting can also be 
achieved in VPE, CVD, and in MOCVD. The challenge 
here would be to establish sufficiently high growth rates 
below the supersaturation limit for 2-D nucleation. This is 
expected to be even more difficult in physical deposition 
methods involving vacuum - like MBE, sputtering, etc. 
Figure 2. SIMS depth profiles of carbon in GaAs grown using various 
growth parameters," flux intensity of TDMAAs (PrDM.4xs), temperature 
of cracking cell (T~), and the Group HI source (TMGa or metal Ga). 
Wide gap 
Wide-gap II-VIs also are 
included; for example, the 
paper by Jia You Feng et 
al., of Dept. of Materials 
Science and Engineering, Tsinghua University, (Beijing 
100084, PRC) (149 (1995) 30034): p-type nitrogen doped 
ZnSe epilayers by ionized cluster beam epitaxy". Doping 
of ZnSe is straightforward for n-type but p-type has been 
problematic and MOVPE, MBE, MOMBE have been used 
to try to use nitrogen to effect his. This approach which is 
novel and unconventional merits description especially 
since no illustration isprovided. It uses LT (250°C) ionized 
cluster beam epi (ICBE) which has yielded low resistivity 
the lowest reported to date (0.008 ohm cm). ZnSe ingots 
(the source) are loaded into a "quasi-closed graphite 
crucible" with a nozzle of 1 mm dia. and 1.5 mm long. 
Source - substrate (Cr-doped GaAs) distance is a fixed 
250 ram. Heated by thermal radiation and electrons 
emitted from a tungsten filament, growth rate (1 - 1.5 
nm/s) depends mainly on crucible vapour pressure so can 
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Here, generally 2-D nucleation and local step flow are 
observed on substrates near to the singular orientation, 
whereas misoriented substrates may provide pure step flow 
at high step densities, the development of large facets with 
small step density in MBE-like techniques i ham.pered also 
by the very low deposition rates of typically 1 A/s. 
LPE continues to provide useful experimental work as 
shown by the paper by Yu B Bolkhovityanov, et al., of the 
Inst. of Semiconductor Physics, Siberian Branch, Russian 
Academy of Sciences, (Prospect Ac. Laurentiev 13, 630090 
Novosibirsk 90, Russian Federation) (149 (1995) 17-22): 
"LPE growth of elastically strained InxGal_xP and in 
InxGal_xAsyPl_y solid solutions on GaAs substrates". 
Epilayers for a wide interval of lattice mismatches were 
grown and it was found that the (111)B growth plane is the 
most suitable for preparation of elastically strained films 
- up to 0.86% for (111)B - and a strain value of 0.8% a 
pseudomorphic f lm thickness of up to 0.3 ~tm was reached 
exceeding the theoretical critical thickness by an order of 
magnitude. 
CBE 
In the same issue, another paper is concerned with surface 
topology: R Beanland et al., of the Dept of Materials 
Science and Engineering, The University of Liverpool, 
(Merseyside, L69 3BX, UK) "A study of surface cross- 
hatch and misfit dislocation structure in In0.15Ga0.85As/ 
GaAs grown by CBE" (149 (1995) 1-11). This work is a 
UK collaboration under ESPRIT project No. 6854 (BLES) 
with the School of Metallurgy and Materials, University of 
Birmingham; both the Dept. of Materials Science and 
Engineering and the Dept. of Electronic and Electrical 
Engineering, of the University of Surrey. This a detailed 
optical microscopy, AFM and TEM assessment of the 
familiar cross-hatch on the surface of low-misfit strained 
semiconductor layers which undergo relaxation by the 
introduction of arrays of a/2(101 > misfit dislocations in 
the interface between the strained layer and substrate. The 
striations are shown to be almost triangular idges with 
rounded tops separated by v-shaped grooves. Other 
characteristics of the cross-hatching is described and a 
model of surface roughness of epilayers is proposed. 
"Selective area growth of GaAs and GalnP by low 
temperature CBE" is reported by P Legay et al., of France 
Telecom, CNET, (Lab de Bagneux, 196 Ave. Henri 
Ravera, BP 107, F-92225 Bagneux Cedex, France) (149 
(1995) 211-218) showing that GaAs can be grown 
selectively from TEGa at 520°C by lowering the growth 
rate to 0.5 ~tm/h. For GalnP lattice-matched to GaAs, a 
similar selective growth temperature of 530°C using a high 
2 lam/h rate.These materials can thus now be grown under 
the optimized conditions for CBE whereas previously this 
was not the case and other techniques uch as MOVPE 
were required. Good composition quality in selectively 
grown stripes was found as well as ability to selectively 
grow GaAs stripes limited by vertical sidewalls. Useful 
groundwork has thereby been laid for the practical 
contribution of SACBE to lateral integration of hetero- 
structure devices. 
MOVPE 
We cannot leave without mention of MOVPE - the 
contributions on this topic in Journal of Crystal Growth 
are  substantial. This brief overview cannot do them justice 
but to indicate the scope of recent work where basic 
processes derived from GaAs studies are now being 
applied to more exotic materials take a look at the paper 
by Brian Cockayne et al. at the DRA Malvern (St. 
Andrews Road, Malvern, Worcs, WR14 3PS, UK): "The 
growth of thin films of the magnetic ternary alloys Fe3Ga2_ 
xAsx by MOCVD" (148 (1995) 261-267). Polycrystalline 
films on sapphire have been grown for the first time by 
APMOCVD - using TEG, TIPG and Fe(CO)5 - initial 
studies indicate a marked dependency on relative amounts 
of non-magnetic atoms, Ga and As, incorporated into the 
lattice. 
M de Keijeser and GJM Dormans of Philips Research 
Labs Eindhoven (Prof. Holstlaan 4, 5656 AA Eindhoven, 
Netherlands) have been "Modelling of OMCVD deposi- 
tion of lead titanate" (149 (1995) 215-228). A rapidly 
developing area of R&D and application for ferroelectric 
films with good applicability for mass production is 
MOCVD - in this study poly films of PbZrxTil_xO3 
films have been deposited over 4- and 6-inch SrTiO3 wafers 
using TEL and TIP in N2 and 02. 
Roy Szweda 
Readers requiring more information on papers cited 
here are invited to contact authors directly for 
reprints. Please do not call the Editorial office. 
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